Introduction
Mobile Harbor (MH) is a new conceptual platform that can load containers onto and unload containers from very large container ships anchored at sea near small ports, which large ships can not approach in shallow water, and new loading facilities of large gantry cranes are not equipped with. After the MH is loaded or unloaded, it navigates around near the harbor where a number of vessels run, or it runs through narrow water channels. Therefore, its maneuverability is as important as its seakeeping performance, which is important in loading and unloading containers at sea. For this reason, the maneuverability of MH must be analyzed in the initial design phase.
The maneuvering performance of a ship is assessed by two methods. The first one uses a simulation technique after establishing the equations of motion based on the empirical formulae or the captive model test results for the hydrodynamic coefficients which are the parameters in the model of the hydrodynamic force acting on a maneuvering ship (Kobayashi et al, 1995; Abkowitz, 1969) . The other one is to carry out a free-running model test (Kim, 2004 
Equations of motion

In order to describe the maneuvering motion of the MH in the horizontal plane, two kinds of coordinate systems were adopted as shown in Fig. 1 . Hydrodynamic forces and moment acting on a ship can be described more easily in the body-fixed frame than in the earth-fixed frame. The origin of the body-fixed frame is the cross point of the longitudinal center line and the midship section. The symbols , ,  and  represent surge and sway velocities, yaw rate, and yaw Euler angle, respectively.
The equations of motion in the horizontal plane of the MH are described based on Newton's second law as follows:
where  ,   and   are mass, the mass moment of inertia about the -axis, and ,  and  are external forces and moment consisting hydrodynamic and thrust terms, which are denoted as subscripts  and . Since the MH changes its course with changing the directions of the thrusters, the external forces and moment consist of the only terms related to the bare hull and thrusters.
Models of external force and moment
Even though the main goal of this thesis is to model hydrodynamic force and moment acting on the bare hull of the maneuvering MH, the models of surge hydrodynamic force and the thrusters are suggested as well as the models of sway hydrodynamic force and yaw hydrodynamic moment.
The surge hydrodynamic force model can be described as follows: The force and moment model of the thrusters could be suggested as follows: Sway hydrodynamic force and yaw hydrodynamic moment acting on the bare hull of the maneuvering MH were modeled as follows:
where,    ,    , …,   and    ,    , …,   are sway and yaw hydrodynamic coefficients, respectively, which will be obtained using the results of the PMM tests carried out in the CWC at Changwon National University.
Hydrodynamic coefficients in Eq. (2) and Eq. (4) were non-dimensionalized using SNAME's convention and denoted as the prime symbol as follows:
where  and  are the hydrodynamic force and moment, respectively,  and  are the length between perpendiculars and the speed of the MH, and  is the fluid density.
Test facilities
Circulating water channel
The CWC at Changwon National University, which is depicted in Fig. 3 , was built in August 2009. It is a relatively small academic channel of which principal dimensions are described in Table 1 . 
Planar Motion Mechanism
The PMM device for CWC was manufactured in order to conduct the static drift, the pure sway, the pure yaw, and the drift-and-yaw combined tests. In addition, it can make a model's heave, roll, and pitch free and measure those displacements. Fig. 6 shows the PMM, and its main performance parameters are listed in Table 2 . Fig. 7 . 
Test condition
In order to determine the hydrodynamic coefficients of the MH in Eqs. (2) and (4) 
Models
The principal particulars of the models of the KCS and the MH are listed in Tables 3 and 4 
Test matrix
Test matrix for the PMM tests is listed in Table 5 . In the case of the KCS, the same matrix of the PMM test in Table   5 was carried out except for the combined test. In Table 6 ,  is the drift angle. 
Test results
Benchmark test
We conducted benchmark tests for the results from the CWC at Changwon National University. As shown in Fig. 11 , two results are relatively correspondent, and small differences are due to the difference of the model scale and the propeller effects. 
Pure sway test
A pure sway test was performed to obtain the hydrodynamic coefficients, the so-called added mass coefficients such as   ′ and   ′ . Fig. 13 shows the in-phase hydrodynamic forces and moments acting on the full-loaded and middle-loaded MH when pure sway occurs. In-phase means the same phase as the sway displacement. It is general that the slope of the in-phase force and moment would be linear, while the results in Fig. 13 shows nonlinear characteristics. It is guessed because the wall effect of the CWC might occur. 
Pure yaw test
A pure yaw test was performed to obtain the hydrodynamic coefficients such as
and   ′ . Figs. 14～15 show the in-phase and out-of-phase hydrodynamic forces and moments acting on the full-loaded and middle-loaded MH when pure yaw occurs. As shown in Fig. 15(b) , when ′ is 0.3, a strange tendency occurred off the line even though the tests were carried out again. It must be confirmed thoroughly whether this was due to facility performance such as the narrow wall effects, or because the catamaran-type MH has its own characteristics. 
Course-keeping stability
If it can be assumed that sway and yaw should be very small, sway and yaw coupled equations of motion can be described into the linear equations after deleting nonlinear terms in Eqs. (1) and (4) as follows:
where, the parameters in Eq. (6) are all non-dimensional values, and the primes are omitted for convenience.
In order to analyze course-keeping stability, the characteristic equation of Eq. (6) is derived as follows:
where, ,  and  are the coefficients represented by the mass, mass moment of inertia, the -coordinate of the center of gravity and the hydrodynamic coefficients of the MH.
Two roots of Eq. (7) must be negative which are a necessary condition for the dynamic stability, and this can be achieved when  is positive because  and  are always positive for conventional ships. In other words, the gain margin, which is defined as follows, should be positive. Table 9 lists the results of the gain margins of the MH and KCS. The   value for a conventional commercial ship is slightly negative as in the KCS case shown in Table 9 .
Since the MH has a small length-to-breadth ratio, this makes the maneuverability of the MH worse than that of the KCS. 
